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In most primate societies, strong and enduring social bonds form preferentially among kin, who benefit from cooperation through direct and indirect fitness gains. Chimpanzees, Pan troglodytes, differ from most species by showing consistent female-biased dispersal and strict male philopatry. In most East African populations, females tend to forage alone in small core areas and were long thought to have weak social bonds of little biological significance. Recent work in some populations is challenging this view. However, difficulties remain in quantifying the influence of shared space use on association patterns, and in identifying the drivers of partner preferences and social bonds. Here, we use the largest data set on wild chimpanzee behaviour currently available to assess potential determinants of female association patterns. We quantify pairwise similarities in ranging, dyadic association and grooming for 624 unique dyads over 38 years, including 17 adult female kin dyads. To search for social preferences that could not be explained by spatial overlap alone, we controlled for expected association based on pairwise kernel volume intersections of core areas. We found that association frequencies among females with aboveaverage overlap correlated positively with grooming rates, suggesting that associations reflected social preferences in these dyads. Furthermore, when available, females preferred kin over nonkin partners for association and grooming, and variability was high among nonkin dyads. While variability in association above and below expected values was high, on average, nonkin associated more frequently if they had immature male offspring, while having female offspring had the opposite effect. Dominance rank, an important determinant of reproductive success at Gombe, influenced associations primarily for lowranking females, who associated preferentially with each other. Our findings support the hypothesis that female chimpanzees form well-differentiated social relationships that are of potential adaptive value to females and their offspring. © 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Kinship has long been recognized as an important factor mediating the distribution of social interactions among conspecifics, given the inclusive fitness benefits gained by cooperating with relatives (Hamilton, 1964) . Empirical evidence from a range of social mammals supports the role of kinship for structuring social relationships within groups (spotted hyaenas, Crocuta crocuta: Holekamp et al., 1997 : Bercovitch & Berry, 2013) , and this is particularly true for nonhuman primates (reviewed in Langergraber, 2012) and humans (Madsen et al., 2007) . Because of sex differences in fitness-optimizing strategies that result in greater resource constraints on reproduction in females than in males, female mammals often benefit most from kin support in resource defence. As a result, mammalian societies with sex-biased dispersal often form around females and their related offspring (Dobson, 1982; Mabry, Shelley, Davis, Blumstein, & Van Vuren, 2013; Pusey, 1987) . Thus, it is not surprising that female mammals, more often than males, form the strongest and longestlasting social bonds, and have evolved hormonal adaptations that facilitate such bonding (Taylor et al., 2000) .
Chimpanzees, Pan troglodytes, deviate from the typical mammalian pattern of female philopatry by showing consistent female-biased dispersal and male philopatry (Nishida & Kawanaka, 1972; Pusey, 1979) , a feature of social organization shared with their sister taxon, bonobos, Pan paniscus (Eriksson et al., 2006; Furuichi, 1989; Gerloff, Hartung, Fruth, Hohmann, & Tautz, 1999) . Males defend a community range in which females settle, and female eastern chimpanzees, P. t. schweinfurthii, in at least two populations establish areas of preferential use within this range, often referred to as "core areas" (Gombe, Tanzania: Murray, Mane, & Pusey, 2007; Williams, Pusey, Carlis, Farm, & Goodall, 2002b ; Kanyawara, Kibale National Park, Uganda: Emery Thompson, Kahlenberg, Gilby, & Wrangham, 2007; Kahlenberg, Emery Thompson, & Wrangham, 2008b) . Within the community range, both males and females freely join or leave subgroups known as "parties" (Goodall, 1986) , a characteristic shared with other fissionefusion societies (Grove, 2009; Mann, 2000) . As expected based on kin selection theory, male chimpanzees form strong social bonds with other males (Mitani, 2009; Watts, 2002) , with measurable effects on rank acquisition and the likelihood of siring offspring (Gilby et al., 2013a) .
In most East African populations of chimpanzees, females spend much of their time foraging alone with their dependent offspring (Murray et al., 2007; Wrangham & Smuts, 1980) , and it is often assumed that they do so to minimize contest competition over limited resources (Wrangham, 1979) . Empirical evidence supports the role of competition in determining female ranging patterns and social interactions. Female core areas vary in resource quality Kahlenberg et al., 2008b; Murray, Eberly, & Pusey, 2006) , and higher-ranking females often occupy better habitats (Pusey & Schroepfer-Walker, 2013) . Females aggressively defend core areas , and differences in resource-holding potential may lead to better foraging efficiency among high-ranking females Murray et al., 2006; Williams et al., 2002b) , which can influence reproductive success Jones, Wilson, Murray, & Pusey, 2010; Pusey, Williams, & Goodall, 1997) .
Given competition over resources and the general absence of kin, female social relationships among chimpanzees were originally considered to be weak and of little significance (Goodall, 1986; Wrangham, 1979) . However, the role of social bonding among nonkin as an important mediator of social structure in mammalian societies is increasingly being revealed through empirical studies in a variety of species (bottlenose dolphins, Silk et al., 2010) . In line with findings from other taxa, there is evidence from multiple study populations of chimpanzees suggesting that females can be more social than traditionally assumed (Lehmann & Boesch, 2008; Wakefield, 2008) . For example, Gilby and Wrangham (2008) reported that some female dyads at Kanyawara have as high or higher association rates than the most strongly bonded males, and the highest party association rates among adult chimpanzees at Ngogo (Kibale National Park, Uganda) were recorded for female dyads (Langergraber, Mitani, & Vigilant, 2009) . Some suggest that females may indeed form differentiated social relationships that reflect social preferences, like the social cliques identified by Wakefield (2013) , and can be stable over time (Langergraber et al., 2009 ).
However, questions remain about whether these relationships are similar to the social bonds among male chimpanzees and philopatric females of other primate societies, and about how females benefit from them.
Here, our main aims were to identify the correlates of female chimpanzee association patterns at Gombe National Park, Tanzania, with particular emphasis on factors that mediate variation in these associations, and to test for the existence of social preferences that could support the existence of social bonds among unrelated females. For this purpose, we analysed the most comprehensive set of behavioural data from any population of wild chimpanzees to date, spanning a period of 38 years.
Detecting and characterizing differentiated social relationships is challenging among female chimpanzees at Gombe, because affiliative interactions are rarely observed (Goodall, 1986) . Instead, estimates of social preferences rely heavily on dyadic association indices derived from party composition data (Cairns & Schwager, 1987) , that is, information on who was seen with whom. While the fissionefusion nature of chimpanzee social structure offers unique opportunities for individuals to express partner choices within their communities, it poses unique challenges for researchers attempting to distinguish actual social preferences from random associations due to shared space use, a problem shared with studies of other social mammals (tent-making bats, Artibeus watsoni : Chaverri, Gamba-Rios, & Kunz, 2007; bottlenose dolphins: Fr ere et al., 2010; grey kangaroos, Macropus giganteus: Best, Dwyer, Seddon, & Goldizen, 2014) .
Previous studies on female chimpanzee dyadic association have varied in their approaches to assess the influence of shared space use on association patterns. Some classified similarities in space use at the scale of "neighbourhoods", and assumed little further influence of variation in core area overlap on association rates within these neighbourhoods (Gombe: Murray et al., 2007; Williams et al., 2002b; Kanyawara: Emery Thompson et al., 2007) . In contrast, at Ngogo, Langergraber et al. (2009) used a more spatially explicit technique by testing for a relationship between (1) correlation coefficients representing similarity in grid cell usage frequencies between any two individuals and (2) the party association index for the given dyad. A matrix correlation of the two measures provided evidence that, across all female dyads, shared space was positively related to association rates. Similarly, Wakefield (2013) established that dyadic associations were positively correlated with space use overlap, assessed as the percentage overlap of any two minimum convex polygons drawn around 100% of sightings for a given female.
As association depends on being in the same location at the same time, a positive relationship between degree of shared space use and dyadic association rate is likely, though not guaranteed (e.g. De Villiers & Kok, 1997). Therefore, revealing active partner preferences generally relies on assessing rates of association that deviate from those expected based on random interactions among all individuals sharing the same area. Previous studies on female chimpanzee association patterns established random expectations for dyadic association rates based on permuting the rows and columns of an association matrix (Langergraber et al., 2009; Lehmann & Boesch, 2009; Wakefield, 2013) . However, such matrix permutation tests do not account for spatial constraints on association, and are therefore most suitable in social groups where all individuals do indeed share the same space (e.g. Lehmann & Boesch, 2009) . If individuals occupy distinct and only partially overlapping home ranges, as is the case for female chimpanzees at Gombe and other East African populations, spatially explicit methods for deriving expected association rates (e.g. Best et al., 2014) may provide a more powerful technique to assess social preferences.
In this paper, we search for evidence of female social bonds by assessing nonspatial (i.e. social) drivers of dyadic association while controlling for mean expected association at a given level of shared space use. If spatiotemporal association reflects active social partner preferences, we expected a positive relationship between dyadic association and grooming rates, similar to previous findings at Ngogo (Langergraber et al., 2009) . Although social grooming is rare among female chimpanzees (Goodall, 1986) , it is indicative of social bonding in males (Mitani, 2009) , among females of other primate taxa (Cords, 2002; Dunbar, 2010; Silk, Altmann, & Alberts, 2006) , and in other social vertebrates (reviewed in Massen, Sterck, & de Vos, 2010) .
Preferential associations may also arise for reasons other than direct affiliation. For example, higher-quality feeding areas could simply facilitate association among neighbouring females regardless of their core area overlap, because abundant food supply may allow for larger parties (Mitani, Watts, & Lwanga, 2002; Murray et al., 2006) . Alternatively, preferential association might come with greater tolerance around feeding areas in general, or reduce vigilance and increase feeding efficiency (Carter, Macdonald, Thomson, & Goldizen, 2009; Kutsukake, 2006) . While feeding competition is assumed to be an important factor in female eastern chimpanzee social structure and life history (Pusey & SchroepferWalker, 2013) , whether access to food resources is mediated by variation in dyadic associations is still uncertain and requires further investigation.
Given the potential inclusive fitness benefits to be gained, kin may be more likely to cooperate to access food resources or for offspring rearing than unrelated individuals. Therefore, we expected that kin, if available, would associate more frequently than unrelated females, after controlling for spatial overlap. Despite the general pattern of male philopatry and female dispersal that limits opportunities for kin interactions, the Kasekela community of chimpanzees at Gombe has an unusually high proportion of females who remain in their natal community (Pusey et al., 1997) . This unique context allows us to distinguish the role of kinship in female association patterns more clearly than any study thus far (Gilby & Wrangham, 2008; Langergraber et al., 2009) , and to compare the relative importance of kin and nonkin in social partner choices.
Besides kinship, other potential nonspatial determinants of female association include cycling state, presence and sex of offspring, and dominance rank. We expected that females would become more social when sexually receptive (Matsumoto-Oda, 1999; Pepper, Mitani, & Watts, 1999) and therefore would be more likely to associate with other sexually receptive females (Pepper et al., 1999; Williams, Liu, & Pusey, 2002a) , reflecting a shared tendency to associate with potential mates. Offspring presence can mediate changes in association among females for reasons such as avoidance of competition or harassment (decrease in association) or the socialization of offspring (increase in association) Otali & Gilchrist, 2006; Williams et al., 2002a; Wrangham, 2000) . Based on recent evidence from Gombe that mothers of male infants are more gregarious than mothers of female infants , as well as sex differences in behaviour that show more frequent social interactions between male offspring and adult males , we expected mothers of male offspring to be more social in general, and to associate more with each other than with mothers of female offspring or nonmothers. Such sex-biased socialization could have adaptive benefits, because males will become lifelong partners in cooperation and community defence (Gilby, Wilson, & Pusey, 2013b; Goodall, 1986; Mitani, 2009) .
Lastly, we examined rank-related variation in dyadic associations, which can reveal adaptive social strategies. Given the importance of dominance rank for mediating success in resource competition in at least two East African chimpanzee populations (Kanyawara: Emery ; Gombe: Kahlenberg et al., 2008b; Murray et al., 2007) , low-ranking females may attempt to gain access to better feeding sites by establishing predictable relationships with higher-ranking females, or they may increase their competitiveness by supporting each other against those females. Similarly, high-ranking females with preferred feeding sites within their core areas may attempt to exclude females with equivalent resource-holding power (i.e. females close in rank). Previous findings at Gombe indicated that females associate at higher rates with females of similar rank within larger neighbourhoods (Murray et al., 2006; Williams et al., 2002a) , but it is still unclear whether these associations are mediated by spatial constraints on core area location (and shared space use as indicated by core area overlap) or reflect active social preferences.
METHODS

Study Site and Data Collection
Gombe National Park covers 35 km 2 of forest and forest/grassland mosaic on the eastern shore of Lake Tanganyika in Tanzania.
The park contains three communities of eastern chimpanzees (P. t. schweinfurthii). The Kasekela community has been studied since the early 1960s and was fully habituated by 1966 through banana provisioning at a feeding station, which continued until 2000. Since 1973, Tanzanian field assistants have conducted almost daily fullday focal observations on members of the Kasekela community (Goodall, 1986) . During these follows, the location of the focal animal was recorded at 15 min intervals on a map, with an approximate accuracy of 133 m (Gilby, 2004) , while party composition was recorded continuously to the nearest minute. Additionally, longhand notes of focal and party behaviour and the reproductive state of any females encountered by the focal were recorded.
Female Ranging and Overlap of Core Areas
Previous studies of female association in our study population clustered core areas into two to three neighbourhoods, and assessed the influence of predictor variables on association rates within each neighbourhood (Murray et al., 2006; Williams et al., 2002b) . As the distinction between large-scale neighbourhoods was not always clearly delineated in our long-term data set and therefore not always an effective way to control for shared space use among dyad partners, we developed a new approach that contrasts observed dyadic association rates with those expected based on the pairwise overlap of individual females' core areas.
We estimated core area location and size for each female using kernel estimation methods. Specifically, we calculated utilization distributions based on all certain first encounters of a female with a focal party, and identified the smallest area that contained 50% of the estimated probability density function. As sample size influences the accuracy of home range estimates, we included only those females for which we had at least 20 such locations per 2-year period (mean ± SD number of locations per period, for all included females, was 135 ± 80), a sample size associated with unbiased estimates in other studies (B€ orger et al., 2006; Saïd et al., 2005) . While previous work on ranging patterns in this population has focused on defining areas in which females are most likely to be encountered alone ('alone core areas'), we modified our approach in this study for several reasons: (1) to make our methods more comparable with other studies on chimpanzee ranging, which generally use location information regardless of party size to assess ranging patterns (Amsler, 2010; Emery Thompson et al., 2007; Lehmann & Boesch, 2003) and (2) because our focus on socially mediated association requires the presence of others at recorded locations.
In exploratory analyses, we tested a variety of kernel estimation methods in their performance and representation of actual ranging patterns, paying particular attention to the choice of smoothing parameter h, the single most important factor in home range estimation using kernel algorithms (Kie et al., 2010) . While optimal smoothing parameters are frequently identified using a least squares cross-validation technique, this method often failed to converge within a reasonable range of values for our data set (see also Seaman & Powell, 1996; Silverman, 1986) . We therefore used an alternative method, which scales the reference smoothing parameter (empirically calculated for each set of points) by a fixed factor, with suggested values being 0.8 or 0.7 (Kie et al., 2010) . After comparison of results obtained with different scaling factors, we settled on 0.8 as giving the best compromise between underestimating actual usage and excessively smoothed boundaries that extended into unused habitat.
We calculated kernels in R version 3.0.2 (R Core Team, 2013) using the adehabitatHR package version 1.8.14 (Calenge, 2006) , which we modified to achieve the above adjustment of smoothing factors for each utilization distribution of a given female and time period. We constrained kernels to a fixed grid of 10 Â 10 m to avoid inaccuracies in calculation of overlaps that would otherwise be introduced by differences in resolution of utilization distributions. We calculated pairwise overlap between core areas in each period using the kerneloverlapHR function of the adehabitatHR package. To obtain one symmetrical measure of overlap per dyad, we used the volume intersection of two utilization distributions (Seidel, 1992) , which calculates the probability of finding two females in the area of overlap. This index is widely used in studies of home range overlap (Kernohan, Gitzen, & Millspaugh, 2001) and has been applied successfully in a variety of study systems (reviewed in Fieberg & Kochanny, 2005) . Finally, to account for temporal changes in community range size, demography and ecology, we ztransformed overlap measures using the mean across all dyads in each period.
Dyadic Association
We quantified dyadic association and ranging data from 1974 to 2011, and grooming data from 1978 to 2011, aggregated into 2-year periods. Across all periods, the study includes 53 adult females and 624 unique dyads. We included females in a given period only if they were alive and present in the Kasekela community at the beginning and end of that period, and were either 12 years or older, or had experienced a full sexual swelling and mated with an adult male, by the start of the period. Across studies, mean age at first birth is about 13 years (Emery Thompson, 2013) , and four knownaged Gombe females have given birth at 11e12 years (Pusey, n.d.) . Therefore, most females would be adult within the first 2-year period that they were included in our analyses. We considered males to be adult if they were at least 12 years of age, which is the earliest recorded age that a male at Gombe has fathered offspring (Wroblewski et al., 2009) .
In fissionefusion social systems, dyadic association indices are widely used to estimate the proportion of time two individuals spend together, given incomplete observation of parties that contain either one or both individuals. The choice of index determines the degree of potential bias in these estimates (Cairns & Schwager, 1987) , based on the difference in probability between encountering two individuals either apart or together. As female chimpanzees at Gombe spend nearly half of their time or more alone with dependent offspring, on average (Murray et al., 2007; Wrangham & Smuts, 1980) , and because the chance of finding any two neighbouring females together within the area of overlap of their respective core areas was low (mean probability as calculated by the volume intersection of two kernel distributions: 0.24 ± 0.09, N ¼ 624 dyads), the chance of encountering two individuals together was probably lower than the chance of encountering either one without the other. In this context, the halfweight index provides a relatively unbiased estimate of actual time spent together (Cairns & Schwager, 1987) , and we therefore follow Murray et al. (2006) in using it for quantifying dyadic associations among female chimpanzees.
In line with previous work (Murray et al., 2006; Williams et al., 2002b) , we based calculation of the half-weight index on "first arrivals" (i.e. the first observed encounter of an individual or group of individuals by the focal). We decided against more traditional measures based on time spent in association or the frequency of group scans for the following reasons: (1) focal observations were not evenly distributed among all females, which would lead to biases in observed time and hence in the estimation of time spent together with other females; (2) repeated measures taken in the same party over the course of all-day focal observations would cause considerable autocorrelation in frequency data, which would complicate analyses and potentially be difficult to control for; and (3) dyadic association rates based on time or frequency are more likely to be influenced by individual variation in gregariousness (Pepper et al., 1999) , which can mask true partner preferences.
Females were considered arriving together if they were first encountered by the focal within 5 min of each other, and we therefore assumed to have been together before they were encountered. We calculated the index as:
where Y AB is the number of times A and B arrived together, Y A is the number of times A arrived into a group without B, and Y B is the number of times B arrived into a group without A. Note that when observers first encountered a focal party, all individuals in that party were counted as "arriving" together. Subsequently, arriving individuals were not counted as "in association" with members of the focal party at the time of the first encounter, but only in association with those whom they arrived with. We did this to minimize observer bias, and because we could not distinguish between active arrivals into parties versus passive encounters by the focal party as it moved through the community range. To further minimize the effects of sampling bias on estimation of half-weight indices (Whitehead, 2008) , we excluded females from analyses if they had 20 or fewer sightings for a given period.
Our index of association based on first arrivals was highly correlated with a dyadic association index based on time spent together (Pearson's r ¼ 0.934, N ¼ 2222 dyad scores across all periods), yet preferred for its conceptual advantages listed above. We also repeated our analyses using the simple ratio index (again, calculated from first arrivals) as the dependent variable to assess the sensitivity of our results to inherent inaccuracies in the estimation of actual time spent together. The direction and relative magnitude of findings did not change, indicating that both indices provide comparable information in our study population. Both measures were correlated highly (Pearson's r ¼ 0.982, N ¼ 2222 dyad scores across all periods).
Exploratory analyses indicated a positive temporal trend in the community-wide tendency to associate that was not of primary interest and could confound our assessment of differences in association between dyads. To remove this temporal variation we ztransformed association scores in each period using the mean across all dyads. Thus, all reported measures of dyadic association reflect differences in terms of standard deviations from the mean for each period.
Grooming Index
To quantify affiliative interactions among females, we calculated a grooming index that quantified the proportion of time two individuals spent grooming each other, controlling for time spent together (e.g. Machanda, Gilby, & Wrangham, 2013) . We calculated this measure from two data sets. From 1978 to 1997, grooming involving the focal female was recorded at 5 min intervals during all-day follows, and we defined the grooming index as: S AB / (S A þ S B ), where S AB is the number of grooming scans where A and B were grooming, S A is the number of scans where A was focal and B was present, and S B is the number of scans where B was focal and A was present. Scans were included only when either A or B were the focal subject. From 1998 to 2011, grooming durations were extracted from long-hand behaviour notes, and calculated equivalently using duration of grooming in minutes instead of number of scans. As the grooming index was only calculated in a given period for dyads that were observed together in the same party when one was the focal subject (457 dyad scores), some dyads lacked this measure and the data set was reduced by about 20% when this measure was included in analyses. Although there was no consistent temporal trend in the period mean grooming index, we ztransformed this measure to control for period-to-period variation in community-wide grooming rates.
Assessment of Kinship
Maternal relations were determined based on genealogical records. Females who were born before data collection began or who immigrated into the community without records on their parental relationships (N ¼ 30) were assumed to be unrelated to all other females. Thus, it is possible that some of the dyads identified as nonkin were in fact related, although their proportion is likely to be very small and decreasing over the course of the study. Some purely paternal relationships were known from DNA testing (N ¼ 4 dyads of adult females), but due to incompleteness of genetic data we considered only motheredaughter and maternal sister relationships as kin in our analyses. In total, there were 17 such kin pairs across all study periods, 12 motheredaughter dyads and 5 maternal sister dyads (~3% of all dyads).
Cycling State
Female swelling state was recorded during daily focal follows for each female that joined the focal party, and assessed as flat, quarter swollen, half swollen, three-quarters swollen, or fully swollen. To evaluate the influence of cycling state on dyadic association, for each pair of females we calculated the proportion of joint first arrivals in which both partners were recorded as fully swollen, in each 2-year period.
Presence and Sex of Offspring
We classified offspring of each sex into three age groups: infants (<3.5 years) and juveniles (!3.5 years and <7 years), following Williams et al. (2002a) , and adolescents (!7 years and <12 years). For each 2-year period, we classified a female as having an offspring of a given age/sex class if the offspring was alive for at least 365 days (i.e. 50% of the period length), and assessed offspring age at the midpoint of each period.
Dominance Rank
We derived ranks from single-recipient femaleefemale pantgrunts (a vocalization directed at dominant individuals by subordinates; Bygott, 1979) , which were extracted from all behavioural observations made during the study period (including focal follows of adults and mothers and offspring, observations at the feeding station, and student projects). For each period, we calculated modified David's scores (de Vries, Stevens, & Vervaecke, 2006) , and then determined categorical ranks for each female as follows: high rank if her score was !0.5 SD above the mean score for a given period (27 ± 8% of females across all periods), and low rank if her score was 0.5 SD below the mean (24 ± 8% of females). We assigned all other females medium rank. If a female had insufficient data to calculate her score for a given period, we assigned her last known rank.
Statistical Analysis
We modelled variance in dyadic association for each dyad (N ¼ 624) and 2-year period (N ¼ 19) using general linear mixed models (GLMM), with dyad ID as a random effect to allow random variation among dyads in the predicted mean dyadic association (intercept) based on unknown characteristics of individuals in each dyad. While this model structure did not control for dependencies introduced by the same individual participating in multiple dyads, variance component analyses suggested that these dependencies have relatively little influence on our findings. If an individual strongly influences association rates across all its dyads, variance across these dyads would be relatively smaller than if the identity of partners was the driving force behind association rates for that same individual across its partners. We found that only about 25% of total variance in the data was accounted for by individual differences in mean dyadic association (calculated across all partners for a given female), while 75% of the variance was associated with within-female variation in dyadic association across partners. Thus, the influence of any given female on the dyadic association scores of all the dyads she was part of was much smaller than the influence of other factors that determined variation in dyadic association across partners.
To guide the parameterization of our models, we used a small sample size correction of the Akaike Information Criterion (AIC C ) to verify the relative fit of random intercept models with no fixed predictor variables (null model) but different covariance structures for repeated measures taken on the same dyads (Burnham & Anderson, 2002) . We achieved the best model fit with a first-order heterogeneous autoregressive covariance structure, which assumes decreased correlation of residuals within dyads as the separation of data points in time increases, and allows for heterogeneous variances across dyads in each period. For one analysis (sex combination of offspring), using this covariance structure resulted in convergence failure, and we reduced model complexity by assuming a simple first-order autoregressive covariance structure instead.
Our first model focused on assessing the effects of spatial overlap on dyadic association, aimed at determining mean levels of association at any given level of core area overlap. We then continued to examine each potential predictor of variation in socially driven association independently, rather than conducting multivariate model selection. We did this because we were specifically interested in the individual effects of each predictor on social preferences and we wanted to maximize available data for each independent factor of interest, and because multiple categorical predictor variables resulted in very low sample sizes for each combination of predictor levels that made model estimation unreliable.
We set the significance level for assessing the influence of predictor variables in our mixed models at a ¼ 0.05, and report tendencies if P < 0.1. As our analyses are not strictly confirmatory, and because the hypotheses we test are conceptually independent, we did not adjust P values of individual models for multiple testing (Bender & Lange, 2001; Quinn & Keough, 2002) . For all categorical predictors that included more than two levels, we conducted pairwise comparisons of estimated marginal means, which we set to predict means for each level of a categorical predictor at the period mean level of spatial overlap of core areas across all dyads (z score ¼ 0). As the mean of overlap across dyads could vary across levels of a predictor, we tested whether the effects of a predictor varied by the magnitude of spatial overlap by including a first-order interaction term in the model. We removed nonsignificant interactions to obtain final estimates, which we use for all group comparisons. We report estimated means with their standard errors and 95% confidence intervals, and P values adjusted for multiple comparisons using a sequential Bonferroni correction. All analyses were conducted in IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY, U.S.A.).
RESULTS
Differentiation of Dyadic Association among Dyads
Dyadic association frequencies were well differentiated among dyads within a given 2-year period (Fig. 1) , with period-specific means and standard deviations ranging from 0.07e0.33 and 0.04e0.1, respectively (N ¼ 19 2-year periods). Across all periods, the mean ± SD of means in dyadic association across dyads was 0.19 ± 0.07. Minimum dyadic associations for a given period ranged from 0 to 0.16, and maximums from 0.2 to 0.94.
Spatially Driven Variation in Dyadic Association
Spatial overlap of core areas had the predicted positive effects on dyadic association; for each standard deviation increase in overlap, dyadic association increased by about 0.46 SD, on average (t ¼ 26.5, P < 0.001). Thus, a significant portion of the observed variance in association index can be explained by passive association due to chance encounters, given independent movement of females within their respective core areas. However, the finding that association rates did not increase in direct proportion to overlap, but instead increased considerably more slowly, suggests that shared space use is a necessary, but not sufficient, determinant of dyadic association.
In the following analyses, we account for expected mean association at any level of core area overlap by including core area overlap as a covariate, and focus on social factors that explain residual variation in dyadic association that is not explained by shared space use alone.
Social Correlates of Variation in Dyadic Association
Social affiliation
If dyadic association is an indicator of active partner preferences, we predicted that those dyads associating more than expected based on their core area overlap would also affiliate (i.e. groom) more frequently, while those who associated less than expected would affiliate less frequently. This prediction was only partially supported by the data. A significant interaction between overlap and grooming (Table 1) indicated that among dyads whose core areas overlapped more than average for a given period, dyadic association and grooming were positively correlated (Fig. 2) . There was no such relationship for dyads whose core areas overlapped less than average for a given period. Thus, dyadic association was a good indicator of actual affiliation tendencies for spatially close females, while variation in dyadic association among more spatially separated females appears to have been driven by other motivating factors. 1974 −1975 1976 −1977 1978 1980 −1981 1982 −1983 1984 −1985 −1987 1988 −1989 1990 −1991 1992 −1993 Period 1994 −1995 1996 1998 Subsequently, we assess potential correlates of dyadic association that are nonaffiliative in nature (i.e. factors other than grooming that influenced variation in dyadic association).
Kin effects
Because of sample size limitations, we limit our assessment of kin effects to descriptive statistics. Kin differed from nonkin in showing much higher levels of dyadic association, core area overlap and grooming (Fig. 3) . Particularly, levels of association were much greater than expected based on core area overlap: while kin overlap was on average about 1 SD above the overall mean (i.e. for kin and nonkin), their mean dyadic association index was more than 3 SD above the overall mean. Although this pattern indicates generally stronger social relationships among kin than nonkin dyads, value ranges indicated that some nonkin dyads had similarly high levels of overlap and dyadic association (overlap range À1.24e2.36 SD versus À2.32e2.31 SD from the mean across all dyads, for kin and nonkin dyads, respectively; dyadic association index range À0.27e6.4 SD versus À2.01e5.29 SD from the mean across all dyads, for kin and nonkin dyads, respectively). Furthermore, some nonkin dyads exceeded kin dyads in their grooming index (range 0e3.4% versus 0e8.8% for kin and nonkin dyads, respectively), suggesting the existence of strong partner preferences among certain nonkin dyads. Among the two different types of female kin that we examined, motheredaughter pairs had higher mean association and grooming indices than maternal sister dyads (association index: 0.63 ± 0.18, N ¼ 11 motheredaughter dyad means across time periods, versus 0.43 ± 0.15, N ¼ 5 sister dyads; grooming: 2.04 ± 0.75% versus 0.67 ± 0.71% for motheredaughter and sister dyads, respectively).
Because of the small sample of kin dyads, which precluded analyses of additional determinants of dyadic association while controlling for spatial overlap, we excluded kin dyads in the analyses of social determinants of dyadic association in all subsequent analyses.
Cycling state
Given equal levels of spatial overlap, estimated time spent together varied with the proportion of joint arrivals in which both females were fully swollen (Table 2) . However, effect size was small; two females who were jointly swollen for 10% more time than another pair of females were estimated to spend 0.06 SD more time together in association. In other words, the difference in dyadic association between females who were never seen swollen together and those who were always swollen together was a maximum of about 6%, given a mean SD of 0.10 (i.e. 10% of time spent together) for the dyadic association index, calculated across all 19 periods and dyads.
Presence of offspring
Given equal overlap of core areas, dyads in which both females lacked offspring <12 years old (i.e. immature) associated more frequently (z-score estimated marginal mean, EMM: 0.133 ± 0.055, N ¼ 147 unique dyads) compared to dyads involving one (À0.029 ± 0.033, df ¼ 1522.7, N ¼ 440, P ¼ 0.010) or two females with immature offspring (À0.072 ± 0.036, df ¼ 1593.3, N ¼ 322, P ¼ 0.002). As females without immature offspring were more likely to be cycling, we repeated this analysis while controlling for the proportion of days in which both partners were swollen together, entered into the model as a covariate. Results changed very little (EMM: 0.133 ± 0.064 for dyads lacking immature offspring, compared to À0.027 ± 0.033 for dyads involving one Figure 2 . Model predicted mean (±95% CI) z-transformed half-weight index of dyadic association in female chimpanzees in relation to z-transformed core area overlap and a dyadic grooming index that measures frequency of grooming in relation to observation time and opportunity (see text for definition of measures). For illustration purposes, we binned overlap z scores into below and above the median across all dyads and periods. As the grooming index was highly skewed towards zero values, we created three groups: no grooming recorded, and below and above median of all nonzero grooming indices in a given period. Numbers above or below error bars indicate the number of unique dyads in each group, across all periods. female with immature offspring, and À0.048 ± 0.036 for dyads involving two females with immature offspring, P ¼ 0.039 and P ¼ 0.026, respectively). We investigated the role of offspring sex on dyadic association by testing whether females were more or less likely to associate if both, only one, or neither of the partners had at least one immature male offspring, and did the same for the presence of female offspring (Table 2) . Dyads in which both females had at least one female offspring associated less frequently and below what was expected based on their spatial overlap (EMM: À0.225 ± 0.047, N ¼ 148), compared to dyads in which either one (À0.065 ± 0.032, df ¼ 1190.3, N ¼ 415, P ¼ 0.001) or neither (0.109 ± 0.038, df ¼ 1366, N ¼ 312, P < 0.001) of the two females had a female offspring. The presence of male offspring did not influence female association above or below chance expectations.
To account for simultaneous presence of offspring of the opposite sex and its possible influence on mediating female associations, we estimated the mean dyadic association for each level of combined male and female offspring presence in the dyad (Fig. 4) . We found that predicted dyad association decreased as the presence of female offspring increased, indicating that the presence of female offspring was associated with lower levels of association regardless of the simultaneous presence of male offspring. Dyads with two females with immature male offspring and no simultaneous female offspring of any age were estimated to associate at significantly higher rates than dyads of two females with immature female offspring and no simultaneous presence of male offspring (mean zscore difference ± SE: 0.44 ± 0.12, df ¼ 1265.8, P ¼ 0.01; Fig. 4) . Females with no immature offspring also associated at higher rates with females who had at least one male offspring and no female offspring than with those who had at least one female offspring and no male offspring (mean z-score difference: 0.22 ± 0.06, df ¼ 1694.1, P ¼ 0.016).
We further evaluated whether the effect of offspring sex varied by age by assessing whether females were more or less likely to associate if both, only one, or neither had offspring of a given age class, for each offspring sex. We found that the presence of juvenile females had significant effects on dyadic association (Table 2) ; females associated at significantly lower rates when they both had juvenile female offspring than when neither one of them had a female juvenile offspring (mean z-score difference: À0.29 ± 0.09, df ¼ 568.6, P ¼ 0.001; Fig. 5 ). The lack of effect of other female offspring age classes on dyadic association indicates that the general effect of female offspring presence (see above) is driven by the presence of juvenile females alone (Fig. 5) . In contrast, the presence of male offspring of different age classes had no significant influence on dyadic association, given equal overlap of core areas (Table 2, Fig. 5 ).
Lastly, we tested whether the simultaneous presence of offspring of different sex influenced association among dyads of two females with at least one immature offspring each, in relation to offspring age. We found that for pairs of mothers of infants and juveniles, offspring sex combination had significant effects on dyadic association (Table 2) . Two females with immature offspring associated at higher rates if they both had at least one male infant, compared with dyads where both had offspring of different sex . Estimated marginal means (±95% CI) of z-transformed half-weight index of dyadic association of female chimpanzees in relation to the presence of immature male versus female offspring of both members of the dyad, estimated at the population mean level of core area overlap for each group (z score ¼ 0). Labels on X axis indicate, for females A and B in a given dyad, whether either one had at least one male (Mþ) or female (Fþ) offspring in a given period, or neither (0). The first group represents dyads of two females without immature offspring, and all subsequent groups are sorted by their mean estimated association index. Numbers above or below error bars indicate the number of unique dyads in each group, across all periods.
(mean z-score difference: 0.21 ± 0.08, df ¼ 303, P ¼ 0.041; Fig. 6 ), and tended to associate more than dyads of females with two female offspring (mean z-score difference: 0.25 ± 0.11, df ¼ 274.5, P ¼ 0.059). Females with immature offspring also associated at higher rates when they both had at least one male juvenile offspring than when they both had at least one female juvenile offspring (mean z-sore difference: 0.59 ± 0.15, df ¼ 114, P < 0.001), and tended to associate more than dyads with offspring of different sex (mean z-score difference: 0.31 ± 0.13, df ¼ 111.3, P ¼ 0.058). The presence of adolescent offspring of different sex did not have any visible influence on dyadic association.
Dominance rank
Rank of both dyad partners had significant effects on dyadic association (Table 2) . Assuming equal overlap, dyads of two lowranking females associated the most and above average for a given period (Fig. 7) . Low-ranking females associated at higher . Estimated marginal means (±95% CI) of z-transformed half-weight index of dyadic association of female chimpanzees in relation to the presence of offspring of different age and sex in a given dyad, with core area overlap held constant at the population mean for each group (z score ¼ 0). For each age/sex class (N ¼ 6), the model assessed whether females associated more or less than predicted based on the overlap of their core areas when neither one, only one, or both of the females had an offspring of that age/sex class, regardless of other offspring they may have had. Numbers above or below error bars indicate the number of unique dyads in each group, across all periods. . Estimated marginal means (±95% CI) of z-transformed half-weight index of dyadic association among pairs of chimpanzee mothers with different combinations of offspring sex within the same age class, regardless of the number of offspring in each class. Means are estimated at the population mean core area overlap (z score ¼ 0). Dyads consisting of two mothers with at least one male infant or juvenile offspring each, and no female offspring of the same age class, associated at higher rates than dyads consisting of at least one mother with at least one female infant or juvenile offspring. Numbers above or below error bars indicate the number of unique dyads in each group, across all periods. rates with each other than dyads of two medium-ranking females (mean z-score difference: 0.23 ± 0.07, df ¼ 1160.7, P ¼ 0.036), suggesting that association preferences among low-ranking females were stronger than among medium-ranking females. High-ranking females tended to associate more with low-ranking than with medium-ranking females (mean z-score difference: 0.15 ± 0.06, df ¼ 1337.0, P ¼ 0.086). Overall, association rates did not deviate markedly from expected means based on spatial overlap of core areas except for pairs of low-ranking females (Fig. 7) .
DISCUSSION
Here, our main objectives were to quantify variability in association patterns among adult female chimpanzees over a 38-year period, test for the existence of social preferences, and identify the drivers of such preferences. We controlled for the influence of shared space use on dyadic encounter rates, a nontrivial issue in the analysis and interpretation of spatiotemporal association patterns, by comparing observed association rates with those expected based on existing spatial constraints on female ranging patterns.
Our main results are that (1) despite relatively low mean levels of gregariousness compared with other populations (see Wakefield, 2013 for a cross-site comparison), female chimpanzees at Gombe form highly differentiated relationships with other females, which are not explained by variation in ranging overlap alone, (2) differentiated associations among spatially close females reflect grooming partner preferences, (3) related females associate and groom much more frequently, on average, than unrelated females, (4) cycling females associate more than expected with other cycling females, but only marginally so, which suggests only weak association preferences for each other, (5) mothers of immature female offspring associate with other females less than expected, while mothers of immature male offspring are attracted to each other and (6) low-ranking females preferentially associate with each other, but associations between females of other rank positions appear to be more a side-effect of spatial constraints on core area location than reflecting actual partner choices.
Social Affiliation
Contact affiliation (e.g. grooming) is a primary means by which most primates and many other social vertebrates form differentiated relationships with others (reviewed in Dunbar, 2010; Massen et al., 2010) . We found that female chimpanzees whose core areas overlapped more than the average across all dyads groomed in direct relation to their rates of association, suggesting that affiliation was one of the motivating factors underlying spatial association among these pairs of females. In addition, the fact that only dyads with considerable spatial overlap showed such active affiliative tendencies may indicate either that social relationships were of particularly high quality among close neighbours only, or that social and spatial tolerance among close neighbours requires active maintenance.
In contrast to our findings, Lehmann and Boesch (2009) reported that grooming preferences did not explain variation in dyadic association and that dyadic association rates were not correlated with grooming rates, suggesting that association rates did not reflect true social affinities among female chimpanzees at Taï (as also suggested by Gilby & Wrangham, 2008 for females at Kanyawara). Female chimpanzees in the Taï Forest extensively overlap in their ranging patterns (Lehmann & Boesch, 2005) and associate with other females at relatively high rates (Wittiger & Boesch, 2013) . As a result, there is relatively little potential for differentiation in association rates, compared to the spatially heterogeneous ranging pattern of females at Gombe, making it less likely that dyadic associations represent social affinities in the same way as grooming interactions.
As reported from other study sites, social affiliation was generally very infrequent. The vast majority of female dyads were observed to groom very little, if at all, in any given 2-year period, and only a few dyads showed high rates of observed affiliation (Gilby & Wrangham, 2008; Langergraber et al., 2009; Lehmann & Boesch, 2009; Wakefield, 2013) . While we have yet to characterize the temporal stability of dyadic association partner preferences among females in our study population, findings from other sites suggest that at least some females maintain relatively stable association partners over time; about three-quarters of female chimpanzee dyads at Ngogo maintained association frequencies at consistent levels across a 4-year period (Langergraber et al., 2009) , and association patterns were stable across years for female chimpanzees in the Taï Forest (Côte d'Ivoire) (Lehmann & Boesch, 2009) . Further analyses are needed to investigate the potential drivers and adaptive benefits of long-term dyadic association patterns among unrelated female chimpanzees at Gombe and other study sites.
The Role of Kinship
Our data set with a total of 17 known adult kin dyads allowed us, for the first time, to test the influence of relatedness on female chimpanzee association, despite a social structure in which such associations are rarely possible. We predicted that the indirect fitness benefits of cooperating with close kin for competition and offspring rearing would cause kin dyads to have particularly high rates of association and affiliation. Our results are generally consistent with this prediction. Female kin tended to range near each other, but regardless of the extent of spatial overlap, kin dyads associated and groomed more frequently than nonkin dyads. Anecdotal evidence from other study sites supports the preference for kin among adult female association partners. For example, among female chimpanzees at Kanyawara, the only motheredaughter dyad associated as strongly as the strongest male dyad (Gilby & Wrangham, 2008) , and at the nearby study site, Ngogo, a single motheredaughter dyad associated more frequently than 98.5% of all female dyads (Langergraber et al., 2009) .
Despite this strong evidence for kin preference in our data, some kin dyads did not associate frequently, and we found that the range of association and grooming frequencies was similar for kin and nonkin dyads. Indeed, the highest grooming rates were recorded for three dyads classified as nonkin, involving females with unknown mothers, many years (6 or more) after each had immigrated into the Kasekela community. While it is possible that these dyads were in fact misclassified as nonkin, and actually represented unknown sister relationships, grooming rates among all other kin dyads were highest for motheredaughter dyads, which groomed on average three times more frequently than sister dyads. Thus, unless they represented exceptional social bonds among sisters, it is more likely that frequent affiliation in these dyads reflected strong social bonds formed for reasons other than kinship.
Questions remain about the benefits that female chimpanzees derive from staying in their natal communities, and how exactly such benefits may be obtained. Are female kin more tolerant around feeding sites, and thereby enhance each other's feeding efficiency and energetic state? Do kin support each other in feeding competition against unrelated females? Research by Emery Thompson and colleagues at Kanyawara has shown how habitat quality is an important (and expected) driver of female reproduction. This effect is likely mediated by energy availability (Emery Thompson, 2013; Emery Thompson et al., 2007) , a factor well known to influence reproductive function in primates, including humans (Ellison, 2003) . At Gombe, there is evidence that higherranking females range in habitats with greater food availability (Murray et al., 2006) , and that high rank is related to greater fertility (Jones et al., 2010; Pusey et al., 1997) , likely through its effect on energetic status, reflected in greater and more constant body mass among high-ranking females (Pusey, Oehlert, Williams, & Goodall, 2005) .
Given the ecological and social context at Gombe, any form of cooperation among females to maintain high-quality core areas is likely to come with significant benefits. These benefits could theoretically accrue regardless of whether or not females are related. However, the strong mothereoffspring bond and predictability of behavioural interactions among familiar individuals (both mothereoffspring and sister dyads) would facilitate continued cooperation, while stable cooperation among unrelated, unfamiliar females would be more difficult to achieve. On a proximate level, therefore, kin are more likely to engage in cooperative behaviour than nonkin, regardless of the theoretical (additional) benefits of kin selection. Still, if there are tangible fitness benefits to kin support in competition, then why don't more females remain in their natal communities to enhance their fitness, especially in light of the severe resistance to immigration into another community by resident females and the risk of injury or even death from female aggression (Kahlenberg, Emery Thompson, Muller, & Wrangham, 2008a; Pusey et al., 2008) ? The answer may lie in the need to balance the benefits of kin selection against the costs of inbreeding with philopatric males (Pusey, 1980) . Evidence shows that even those females who remain in their natal community can usually avoid inbreeding (Constable, Ashley, Goodall, & Pusey, 2001) , but the success of this strategy would likely decrease with an increasing number of philopatric females. Further analyses of the determinants of female philopatry at Gombe are currently underway and will help in obtaining a more complete picture of the adaptive benefit of female dispersal strategies.
Cycling State
We expected that females would be more likely to associate with unrelated females if they both were swollen at the time of association, because swollen females generally travel farther (Wrangham & Smuts, 1980) and are more gregarious (Goodall, 1986; Pepper et al., 1999) . While we confirmed this prediction, the effect size was extremely small and possibly not of biological significance. Through the association in larger mixed-sex groups, swollen females may change their ranging patterns to become more similar, which would lead to higher rates of association without reflecting active social preferences. The benefits of this behavioural change may lie not only in acquiring mates, but in obtaining protection from males against female aggression, sperm competition, or paternity confusion.
Offspring Presence
Both offspring sex and age influenced female association patterns. Dyads associated at the highest rates if neither female had immature offspring, or if either one or both females had an infant or juvenile male offspring but no immature female offspring at the same time (Fig. 4) . Regardless of the simultaneous presence of male offspring, females associated below expectation when either one or both partners had a juvenile female offspring (Figs. 4e6) .
Homophily (i.e. the tendency to bond with similar others) in association patterns based on reproductive state is known from other social animals (Grevy's zebra: Sundaresan, Fischhoff, Dushoff, & Rubenstein, 2007; bottlenose dolphins: M€ oller & Harcourt, 2008;  ring-tailed coatis, Nasua nasua: Hirsch, Stanton, & Maldonado, 2012; beef cows : Finger, Patison, Heath, & Swain, 2014) . Among female chimpanzees at Gombe, homophilic tendencies (i.e. individuals who are alike associate more with each other than with those who are different) appear limited to a subset of females with immature offspring, namely those with male offspring. Such preferred association may be adaptive, because interaction with peers should be particularly relevant for male offspring (the philopatric sex), where it can lay the foundation for long-lasting social bonds (Mitani, 2009) . Conversely, in female-bonded primate societies, the opposite sex differences in offspring socialization would be considered adaptive, and are generally supported by empirical data on infant socialization (Fairbanks, 1993; F€ orster & Cords, 2005) . The hypothesis that socialization of male offspring is an adaptive strategy is supported by recent evidence, which shows mothers are more gregarious when they have male offspring than when they have female offspring . In addition, a second recent analysis from a different data set found that young males interacted with more social partners than young females , suggesting that the sons themselves may be a driving factor behind dyadic associations of their mothers. Lastly, there is anecdotal evidence that associations among mothers of male offspring dissolve as the offspring matures or dies. In the mid1970s, Gombe females Fifi and Winkle often travelled together, probably because of a 'play-bond' between their male infants, Freud and Wilkie (Goodall, 1986) . The bond between Fifi and Winkle dissolved in 1979 as the young males became older and more aggressive with one another. Other offspring benefits may include preferential treatment by a mother's bond partner, and in extreme cases the adoption of a juvenile by the bond partner, if its mother dies (Goodall, 1986) .
Our finding that mothers of juvenile female offspring associated significantly below expected values based on their core area overlap awaits further explanation. While previous findings suggested that females with juvenile offspring associated preferentially (Williams et al., 2002a) , analyses did not consider offspring sex and it is possible that the reported effect was driven by the presence of male offspring, which we report to have the greatest positive effect on female dyadic association during the juvenile period. Given that about half of all females at Gombe disperse (Pusey et al., 1997) , and that coalitions among adult females are rare (Kahlenberg et al., 2008b) , there may be few benefits for female offspring to socialize with peers. In addition, aggressive competition among females may constrain association tendencies in the absence of factors that promote association, such as presence of male offspring or associating with males for the purpose of mating. Females may also reduce association with other females to avoid risk of injury to their offspring resulting from attacks, which in some cases can be fatal (Pusey et al., 2008; Townsend, Slocombe, Emery Thompson, & Zuberbühler, 2007) . If so, one might expect that mothers of infant female offspring would show the lowest rates of association, as infants are the most vulnerable age class. In contrast, we found that association was lowest, and well below expected mean levels, among mothers of juvenile female offspring. Perhaps daughters benefit nutritionally by avoiding feeding competition, allowing them to grow more quickly and experience an earlier age of first reproduction, which is an important component of fitness (Altmann & Alberts, 2005; Charnov & Berrigan, 1993) . Indeed, a recent study found that juvenile female chimpanzees in our study population spend significantly more time feeding than their male counterparts (Wellens et al., n.d.) .
Dominance Rank
We found that low-ranking females associated at higher rates with other low-ranking females, regardless of spatial overlap, and association frequencies among low-ranking females exceeded those of any other rank pairing (Fig. 7) . These results resemble previous findings from a subset of periods, which showed that within a given neighbourhood, low-ranking females preferentially associated with each other, more than with medium-or highranking females (Murray et al., 2006; Williams et al., 2002a ). However, both previous studies were unable to control for smallscale variation in spatial location of female core areas within a larger neighbourhood, which left it uncertain whether these rank differences in association were largely passive in nature or brought about by low-ranking females seeking each other out as preferred association partners. Passive association appeared as a plausible cause for greater association among low-ranking females, because low-ranking females have larger core areas and show lower site fidelity (Murray et al., 2007) , and may therefore show greater levels of overlap with other females that result in higher levels of passive associations. Our analyses provide the first conclusive evidence that associations among low-ranking females are a result of active partner choices, while association among other rank pairings appear to be largely a result of passive association determined by the extent of overlap of their core areas. Further work is necessary to determine what benefits low-ranking females may obtain by preferential association.
In contrast to Williams et al. (2002a) and Murray et al. (2006) we found no evidence that high-ranking females associated preferentially with females of their own rank class, nor did we find evidence that medium-ranking females associated preferentially with highranking females. Instead, it appeared as if high-ranking females were more likely to associate above expectations with low-ranking females than with medium-ranking females. There are a number of possible reasons for these differences between studies on the same community of chimpanzees, in particular (1) our analyses included many more years of data, (2) we controlled for temporal changes in absolute levels of association by standardizing association scores by period, (3) we controlled for the influence of core area overlap on dyad-level association rather than neighbourhood, and (4) we used different statistical techniques that may be considered more powerful in adjusting for random individual variation and autocorrelation of data over time.
One remaining caveat to the interpretation of our data on association patterns remains the difficult distinction between factors that determine the choice of core area locations, and hence female ranging patterns, and those that determine social preferences independent of location preferences. While we interpret associations above or below what is expected based on random, independent movements within two overlapping core areas as driven by nonspatial factors, it may be that the choice of core area locations is in itself driven by social preferences, and that even seemingly passive associations are inherently influenced by social factors. Arguing against this possibility is the current evidence for competitive exclusion based on female rank, which limits settlement options for lower-ranking females. Nevertheless, opportunities remain for social influences on the location of female core areas, particularly for medium-and low-ranking females whose core areas are less stable over time and cover a larger area (Murray et al., 2007) . Thus, our assessment of social determinants of association patterns remains conservative, and further analyses are underway to identify the social factors that influence spatial preferences.
